Multistep chromatin assembly on supercoiled plasmid DNA by nucleosome assembly protein-1 and ATP-utilizing chromatin assembly and remodeling factor.
We examine in vitro nucleosome assembly by nucleosome assembly protein-1 (NAP-1) and ATP-utilizing chromatin assembly and remodeling factor (ACF). In contrast to previous studies that used relaxed, circular plasmids as templates, we have found that negatively supercoiled templates reveal the distinct roles of NAP-1 and ACF in histone deposition and the formation of an ordered nucleosomal array. NAP-1 can efficiently deposit histones onto supercoiled plasmids. Furthermore, NAP-1 exhibits a greater affinity for histones H2A-H2B than does naked DNA, but in the presence of H3-H4, H2A-H2B are transferred from NAP-1 to the plasmid templates. These observations underscore the importance of a high affinity between H2A-H2B and NAP-1 for ordered transfer of core histones onto DNA. In addition, recombinant ACF composed of imitation switch and Acf1 can extend closely packed nucleosomes, which suggests that recombinant ACF can mobilize nucleosomes. In the assembly reaction with a supercoiled template, ACF need not be added simultaneously with NAP-1. Regularly spaced nucleosomes are generated even when recombinant ACF is added after core histones are transferred completely onto the DNA. Atomic force microscopy, however, suggests that NAP-1 alone fails to accomplish the formation of fine nucleosomal core particles, which are only formed in the presence of ACF. These results suggest a model for the ordered deposition of histones and the arrangement of nucleosomes during chromatin assembly in vivo.